1. The hypotensive effect of propranolol and its correlation with the changes in heart rate, plasma volume and plasma renin activity produced by this drug were studied in normotensive rats and in rats with spontaneous, renovascular and deoxycorticosterone-induced hypertension.
Introduction
The results of previous studies on the hypotensive effect of propranolol are conflicting with regard not only to the mechanism by which this drug lowers blood pressure, but also in regard to its actual effectiveness in certain forms of hypertension.
The first purpose of this study was to verify whether the hypotensive effect was due to a reduc- tion in cardiac output, as suggested by Prichard & Gillam (1969) , or to a contraction of the plasma volume (Tarazi, Frohlich & Dustan, 1971) , or to the inhibition of renin secretion, as suggested by Buhler, Laragh, Baer, Vaughan & Brunner (1972) . For this reason our experiments were performed in hypertensive rats known to have different plasma renin activities and different plasma volumes. The second was to clarify the mechanism by which propranolol causes a contraction of the plasma volume. Mahon (1966) and Brick, Glover, Hutchinson & Roddie (1966) suggested that 8-adrenoreceptor blockade might increase venular resistance. Folkow & Mellander (1964) demonstrated that even with a small degree of localized venoconstriction large amounts of blood can be redistributed to other capacitance beds or ultrafiltered at capillaries. In the light of these findings it was interesting to investigate whether the decrease in plasma volume after propranolol could depend on such mechanisms.
Methods
Experiments were performed in male Wistar rats (body weight 200-300 g): the four groups were normotensive, spontaneously hypertensive, made hypertensive by means of unilateral renal artery stenosis and made hypertensive by daily subcutaneous injections of 5 mg of DOCA'') and NaCI solution (9 g/l) as drinking fluid. Half of the rats of each group received a daily intraperitoneal injection of 5 mg of propranolol (Inderal, ICI)/kg in a volume of 1 ml for 10 days, the other half an equal volume of distilled water. At the end of this period the rats were anaesthetized with thiopentone sodium (100 (' ) (Williams & Fine, 1961) and the erythrocyte volume by using erythrocytes labelled with Na,51Cr04 (Mollison & Veall, 1955 
Results
Bloodpressure, PRA and heart rate ( Table 1) Spontaneously hypertensive rats showed on average the highest blood pressures and a normal PRA. The highest values of PRA were, as expected, found in rats with renovascular hypertension and the lowest in those made hypertensive with DOCA and salt. In normotensive and spontaneously hypertensive rats treated with propranolol arterial pressure was similar to that of their untreated mates, and plasma renin was slightly lower. In rats with renovascular hypertension treatment with propranolol resulted in a significant decrease of both arterial pressure and renin. In DOCA-hypertensive animals blood pressure was even higher after treatment with propranolol than before treatment whereas plasma renin was lower after propranolol than the already low values found in these untreated rats. Heart rate was similar in all groups of untreated rats. In hypertensive rats after propranolol it was on average 20% lower, without significant differences between the four groups.
Propranolol in hypertensive rats 449s
Albumin space and erythrocyte volumes of distribution in different organs (Table 1) In all groups of rats propranolol produced a significant increase in albumin space and packed cell volume and a fall in plasma protein concentration. These changes were accompanied by a marked increase in albumin space and in the albumin space/ erythrocyte volume ratio, particularly in the liver and intestine. On the contrary the erythrocyte volume of the various organs was similar to that of the untreated animals.
Portal Lienous pressitre and flow
Portal venous pressure and flow were similar in all untreated rats and ranged between 1.9 and 2 5 mmHg and 0.9 and 1 .O ml/min respectively. In rats treated with propranolol portal venous pressure was on average three times as high (between 6.5 and 7.1 rnmHg) and blood flow below half its normal value (between 0.3 and 0.5 ml/min).
Discussion
The results obtained clearly show that a direct correlation exists between the degree of fall in blood pressure after propranolol and the preexisting PRA. They are in agreement with those of Buhler et al. (1972) and Frohlich (1972) in hypertensive patients with different plasma renin activity. In view of the fact that renal renin secretion has been found to increase after beta-adrenergic stimulation in man (Winer, Chokshi, Yoon & Freeman, 1969; Michelakis & McAllister, 1972) and in animals (Assaykeen, Clayton, Goldfien & Ganong, 1970; Vandongen, Peart & Boyd, 1973) it is not surprising to find a fall in PRA after propranolol. The direct correlation between hypotensive response and renin values seems to confirm that renin plays a primary role in renovascular hypertension, although it has little importance in the established stage of spontaneous hypertension (Sen, Smeby & Bumpus, 1972) and in DOCA-induced hypertension in the rat (Spark & Melby, 1971) .
Richard et al. (1969) have stated that the hypotensive effect of propranolol mainly depends on the reduction in cardiac output secondary to the decrease in heart rate (Frohlich, Tarazi, Dustan, Irvin & Page, 1968) . In the present study no correlation was found between fall in heart rate and fall in blood pressure. It seems therefore reasonable to conclude that the hypotensive effect is not due to a decrease in cardiac output.
In all rats propranolol caused a significant expansion of the albumin space, which was accompanied by an increase in packed cell volume, a fall in plasma protein concentration and an increase in the albumin space and albumin space erythrocyte volume ratio, particularly in the liver and intestine. The only possible explanation for these results is an increased capillary permeability to plasma, especially in the splanchnic area. This could explain the contraction of the plasma volume observed by others after propranolol treatment. Its mechanism remains, however, unclear. The significant fall in portal blood flow and increase in portal pressure suggest an increased venous tone in this area, which could in turn provoke an increased capillary ultrafiltration. Whatever the mechanism of the plasma volume contraction might be, it does not seem to play an important role in the hypotensive effect of propranolol, which according to our results is mainly dependent on the inhibition of renin secretion.
